Abstract: In order to improve the activities of mycelium-bound ester hydrolases of Aspergillus oryzae Cs007, the main production conditions were investigated. The activities of the ester hydrolases were simultaneously determined by titration assay and spectrophotometric assay methods, using olive oil and p-nitrophenyl esters as substrates, respectively. The optimum carbon source and nitrogen source were olive oil and peptone, at concentrations of 1 and 2.2 %, respectively. The effects of the carbon source, the nitrogen source and their concentrations on the production of the enzymes were identical when the enzymes activities were assayed by the two methods. The mycelium-bound enzymes showed hydrolytic activity toward all the tested p-nitrophenyl esters, triglycerides and fatty acid ethyl esters, but it showed greater preference for long-chain triglycerides and short-chain p-nitrophenyl esters.
INTRODUCTION
Ester hydrolases represent a diverse group of enzymes that catalyze the cleavage and formation of ester bonds. Two typical and important classes of ester hydrolases are lipases (EC3.1.1.3, triacylglycerol hydrolases) and carboxylesterases (EC3.1.1.1, carboxyl ester hydrolases). Lipases can be distinguished from other ester hydrolases by the phenomenon of interfacial activation, which is a unique characteristic for lipases. Furthermore, lipases prefer water-insoluble substrates, typically triglycerides composed of long-chain fatty acids, whereas carboxylesterases preferentially hydrolyze "simple" esters (e.g. ethyl acetate) and usually only triglycerides bearing fatty acids shorter than C6. 1 The most reported of the reactions realized by ester hydrolases, especially by lipases or carboxyl-2 YAN, LIU and WANG esterases, are hydrolysis, esterification, alcoholysis, acidolysis, transesterification and aminolysis. In addition, lipases or carboxylesterases show high regio-and stereospecificity. These make them attractive biocatalysts for use in detergent formulation, [2] [3] [4] [5] food ingredients, [3] [4] [5] the pulp and paper industry, [3] [4] [5] the production of cosmetics, 4,5 biofuels production [4] [5] [6] and the synthesis of enantiopure compounds. 1, 3, 4, [7] [8] [9] [10] [11] Ester hydrolases widely exist in animals, plants and microorganisms. However, the most frequently used ester hydrolases are of microbial origin, mainly bacteria 1, 3, 4, 6, [11] [12] [13] and fungi. 1, [3] [4] [5] [6] Aspergillus oryzae are one of the common fungal producers of ester hydrolases. In particular, they have the ability to produce extracellular and intracellular enzymes. A strain of A. oryzae WZ007 was isolated from soil that produced ester hydrolases showing high stereospecificity, which was used for the resolution of a biotin intermediate, 14 α-lipoic acid 15 and ethyl 2-(4-hydroxyphenoxy)propanoate. 16 In addition, it was a promising biocatalyst in the synthesis of flavour esters. 17 A mutant strain of A. oryzae Cs007 was obtained by 137 Cs gamma radiation of strain WZ007 that displayed high mycelium-bound ester hydrolases activity. To further improve production by the mycelium-bound ester hydrolases Cs007, the most important fermentation factors, including carbon source, nitrogen source and production time, were investigated in detail. Then the substrate specificities of the myceliumbound enzymes for three typical esters, i.e., p-nitrophenyl (p-NP) esters, triglycerides and straight-chain fatty acid ethyl esters, were investigated. To the best of our knowledge, most studies of the ester hydrolases from A. oryzae investigated systems with extracellular enzymes in the fermentation liquid. Mycelium-bound hydrolases were considered in only a few studies [14] [15] [16] [17] and a mycelium-bound carboxylesterase, responsible for catalyzing ester synthesis in another. 18 Mycelium-bound enzymes could be conveniently used without additional immobilization. Therefore, it is very important to improve production by such bound enzymes.
EXPERIMENTAL

Chemicals
p-Nitrophenyl acetate (p-NPA), p-nitrophenyl octanoate (p-NPO) and p-nitrophenyl palmitate (p-NPP) were purchased from Alfa (Ward Hill, MA). p-Nitrophenyl butyrate (p-NPB) was purchased from Sigma (St. Louis, MO). Corn oil and soybean oil were purchased from a local supermarket. All other chemicals were of the highest commercially available purity.
Microorganism, medium and growth conditions
A. oryzae Cs007, a mutant strain, was obtained by 137 Cs gamma radiation of A. oryzae WZ007, which was isolated from soil samples and stored in the China Center for Type Culture Collection with the accession number of CCTCC No. M206105. 14 with an initial pH of 5. The basal medium was supplemented with a range of carbon sources, mainly sucrose, maltose, starch, glycerol, olive oil, soybean oil and corn oil, which were screened to examine their capacities to support the growth of A. oryzae Cs007 and the production of enzymes. Each carbon source was added into the basal medium at a concentration of 10 g L -1 instead of glucose. Suspensions of spores of A. oryzae Cs007 with about 10 6 spores per millilitre were used as inoculums. The culture was incubated at 30 °C for 48 h on a rotatory shaker maintained at 200 rpm. The fermentation cultures were filtered through cotton gauze. The mycelia were washed with distilled water two times and used as the crude mycelium-bound enzymes sample.
Biomass measurement
The amount of biomass was determined by the dry weight of mycelia. The fermentation cultures were filtered through cotton gauze. The mycelia were washed two times with distilled water and then dried to a constant weight at 100 °C.
Ester hydrolases activity
Spectrophotometric assay (p-NPA assay). The ester hydrolases activity was assayed with spectrophotometric method using p-NPA as substrate, according to a modified version of the Moreau method. 19 The reaction mixture consisting of 0.1 mL of 30 mM p-NPA in acetonitrile, 2.8 mL of 50 mM Tris-HCl buffer (pH 7.5) and 20 mg wet-mycelia was incubated at 40 °C for 3 min. The released p-nitrophenol was measured at 405 nm in a spectrophotometer. One unit of enzyme activity was defined as the amount of enzyme required to release 1 μmol of p-nitrophenol per min under the assay conditions.
Titration assay (olive oil assay). The titration assay method was used according to the Watanabe method with some modifications. 20 An olive oil emulsion was prepared by mixing 50 mL of olive oil and 150 mL of 4 % poly(vinyl alcohol) solution (Mw = 1750±50, Sinopharm Chemical Reagent Co., Ltd., Shanghai, China). The poly(vinyl alcohol) solution was prepared by dissolving poly(vinyl alcohol) in 50 mM phosphate buffer (pH 7.5). Prior to the assay, the olive oil emulsion was homogenized. The reaction mixture containing 5 mL of olive oil emulsion, 4 mL of 50 mM phosphate buffer (pH 7.5) and 50 mg wet-mycelia was incubated at 40 °C and 150 rpm for 10 min on a shaker. The enzyme reaction was terminated by adding 15 mL of ethanol to the reaction mixture. Then the liberated free fatty acids were titrated with 0.05 M NaOH. One unit of enzyme activity was defined as the amount of enzyme required to liberate 1 μmol of fatty acid per minute under the assay conditions. Substrate specificity Hydrolysis of p-NP esters. Substrate specificities of the ester hydrolases of A. oryzae Cs007 for p-NP esters were determined by a spectrophotometric method 19, 21 using the following p-NP esters with different chain length of fatty acids: p-NPA (C2), p-NPB (C4), p-NPO (C8) and p-NPP (C16). The solutions of p-NPA and p-NPB were prepared by adding 0.1 mL of 10 mM p-NP esters in acetonitrile into 2.8 mL of 50 mM Tris-HCl buffer (pH 7.5). The solutions of p-NPO and p-NPP were prepared by adding 0.1 mL of solution A (10 mM p-NP esters in acetonitrile) into 2.8 mL of solution B (2.22 g of Triton X-100 in 500 mL of 50 mM Tris-HCl buffer, pH 7.5). The reaction mixtures consisting of 2.9 mL of p-NP esters solution and 20 mg wet-mycelia were incubated at 40 °C for the appropriate time.
Hydrolysis of triglycerides and fatty acid ethyl esters. Substrate specificities of the ester hydrolase of A. oryzae Cs007 for triglycerides and fatty acid ethyl esters were determined by a previously described titration method. 20 Triglycerides, including triacetin and triolein, and natural olive oil were selected as substrates. Ethyl esters of different carboxylic acid chain lengths (C 1 , C 2 , C 6 , C 8 and C 12 ) were chosen as the substrates. 
Effect of carbon source
As indicated in Table I , a better growth of the strain A. oryzae Cs007 on oils and glycerol than on carbohydrates was observed. Olive oil gave the best enzyme production. Similarly, oils as inducers or carbon sources enhanced lipase production. [22] [23] [24] The activities of mycelium-bound ester hydrolases achieved 160.2 and 472.6 U g -1 biomass according to the p-NPA assay and olive oil assay, respectively. Then the optimal concentrations of olive oil for ester hydrolases production and cell growth were determined. The results are given in Table II , which indicates that the biomass increased with increasing concentrations of olive oil. The mycelium-bound ester hydrolases activities increased with increasing concentration of olive oil up to 1 % after which the enzyme activities decreased with increasing concentration of olive oil. Therefore, 1 % olive oil was used in the subsequent experiments. Significantly, the optimum carbon source and its concentration for the production of enzymes were identical when the ester hydrolases activities were assayed by two methods. 
Effect of nitrogen source
Using 1 % olive oil as the carbon source, various nitrogen sources including: peptone, yeast extract, beef extract, soybean powder, corn powder, ammonium sulphate and sodium nitrate were selected to investigate growth of A. oryzae Cs007 and the production of enzymes. Each nitrogen source was added into the basal medium at a concentration of 10 g L -1 instead of peptone. As indicated in Table III , the organic mixed nitrogen sources, especially peptone, yeast extract and soybean powder, resulted in excellent cell growth. However, the inorganic nitrogen sources, such as ammonium sulphate and sodium nitrate, could not be utilized for cell growth. Peptone was overwhelmingly superior to the other nitrogen sources for the production of enzymes. In particular, soybean powder was a good nitrogen source for cell growth, but not a good one for the production of enzymes, with the mycelium-bound enzymes exhibiting low activity. To find the optimal concentration of peptone for cell growth and enzyme production, various concentrations of peptone from 10 to 30 g L -1 were investigated. The obtained results are presented in Table IV . The biomass increased with increasing the concentration of peptone to 18 g L -1 , reaching a constant value of about 11.6 g L -1 even though higher concentrations of peptone were used. Similarly, the mycelium-bound ester hydrolases activities increased with increasing the concentration of peptone to 22 g L -1 , achieving a maximum value of 365.5 U g -1 biomass by p-NPA assay and 1150.5 U g -1 biomass by olive oil assay. Thus, 22 g L -1 peptone was selected as the optimal concentration for the production of ester hydrolases of A. oryzae Cs007. The effects of the nitrogen source and its concentration on the production of the mycelium-bound enzymes were also identical when the enzymes activities were assayed by the two methods.
Time course of cell growth and the production of ester hydrolases of A. oryzae Cs007
The time courses of cell growth and production of ester hydrolases of A. oryzae Cs007 using the optimal medium are depicted in Fig. 1 . The maximum biomass was obtained at 36 h. The activity of the mycelium-bound ester hydrolases showed a sharp increase from 24 to 36 h. The activity of enzymes reached maximum values at 36 h using the p-NPA assay but attained maximum values at 42 h using the olive oil assay. A further increase in the incubation time did not lead to increases in the activity of the enzymes and a slow decrease was evidenced up to 48 h. 
Substrate specificity
As shown in Table V , the mycelium-bound ester hydrolases of A. oryzae Cs007 showed a broad range of substrate specificities, with hydrolytic activity toward all tested p-NP esters, triglycerides and fatty acid ethyl esters. Of the p-NP esters, the enzymes showed greater preference for those with short-chain fatty acids. The highest hydrolytic activity was found toward p-NPA, with a specific activity of 365.5 U g -1 biomass. The enzymes showed the lowest hydrolysis of 7 medium-and long-chain p-NP esters, such as p-NPO (C8) and p-NPP (C16). Similarly, lipases from A. fumigatus 25 also showed preference for p-NP esters with short-chain fatty acids, especially toward p-NPA. For triglycerides and fatty acid ethyl esters, the highest hydrolytic activity was found towards triolein with specific activity of 1975.4 U g -1 biomass. Moderate enzymes activities were observed towards the short-chain triglyceride (triacetin) and all the tested fatty acid ethyl esters. Of the tested fatty acid ethyl esters, ethyl caproate afforded a relatively high activity with a specific activity of 659.2 U g -1 biomass. The enzymes showed greater preference for long-chain triglycerides (triolein) and natural oil (olive oil). The preference of ester hydrolases of A. oryzae Cs007 for long-chain triglycerides may due to the hydrophobic nature of the long-chain fatty acid, which promotes helix lid opening, making the catalytic residues accessible to the substrates and exposing the hydrophobic surface of the enzyme. Thus, the enzymatic activity increased dramatically. 26 
CONCLUSIONS
This work showed the main production conditions and substrate specificities of mycelium-bound enzymes from A. oryzae Cs007. The main production conditions, including the optimum carbon and nitrogen sources, the optimal concentration of the carbon and nitrogen source and the production time, were optimized as follows. Olive oil and peptone were the optimum carbon and nitrogen source, and the optimal concentrations of the carbon and nitrogen source were 1 and 2.2 %, respectively. The activity of the enzymes reached maximum values at 36 h using the p-NPA assay and 42 h using the olive oil assay. The myceliumbound enzymes showed hydrolytic activity toward all the tested p-NP esters, triglycerides and fatty acid ethyl esters. However, it was interesting that the enzymes preferred short-chain p-NP esters and long-chain triglycerides.
